The passage of an individual's genome to future generations is essential for the maintenance of species and is mediated by highly specialized cells, the germ cells. Genetic studies in a number of model organisms have provided insight into the molecular mechanisms that control specification, migration and survival of early germ cells. Focusing on Drosophila, we will discuss the mechanisms by which germ cells initially form and remain transcriptionally silent while somatic cells are transcriptionally active. We will further discuss three separate attractive and repellent guidance pathways, mediated by a G-protein coupled receptor, two lipid phosphate phosphohydrolases, and isoprenylation. We will compare and contrast these findings with those obtained in other organisms, in particular zebrafish and mice. While aspects of germ cell specification are strikingly different between these species, germ cell specific gene functions have been conserved. In particular, mechanisms that sense directional cues during germ cell migration seem to be shared between invertebrates and vertebrates.
Introduction
In most organisms, germ cells are set aside from the somatic cells early during development. The mechanisms by which germ cells are specified can vary dramatically: in some organisms, maternally synthesized germ plasm determines germ cell fate, while in others germ cells form by cell-cell induction. Irrespective of how germ cell fate is initially established, primordial germ cells (PGCs) are highly specialized and unable to give rise to any other cell type than germ cells when transplanted from one embryo to the next in mice or flies [1, 2] . In many organisms, germ cells migrate through and along various somatic tissues soon after their specification to reach the somatic component of the gonad. In the gonad, specific interactions between germ cells and soma regulate sex-specific development and differentiation into egg and sperm. Eventually germ cells undergo meiosis, a germ cell-specific cell cycle. This phase of their differentiation does not only allow for the recombination of the grandparental genomes, but may also be the secret of germ line immortality, as DNA repair checkpoints control DNA damage and epigenetic marks are erased.
Most organisms produce gametes throughout much of their adult life. Continuous sperm and egg production is achieved by asymmetric division of germ stem cells, such that one product remains a stem cell while the other differentiates [3] . Recent data show that during Drosophila oogenesis, a subset of primordial germ cells becomes associated with specific somatic cells, the niche, which protects the germ line stem cells from differentiation [3, 4] . In this review, we will concentrate on the early stages of germ line development, in particular we will describe mechanisms that regulate germ cell specification and control germ cell migration.
Formation of Primordial Germ Cells
In Drosophila, germ cells are formed from a specialized, maternally provided cytoplasm that is sequestered at the posterior pole of the oocyte during oogenesis [5, 6] . Oskar protein and at least three other RNA binding proteins, Vasa, Tudor, and Aubergine, are essential for germ plasm assembly, including large ribosome-rich structures, the polar granules, which harbor germ line specific RNAs and proteins [7] [8] [9] [10] [11] [12] [13] (Figure 1 ). Several functions have been attributed to the germ plasm and its components: localization and translation of maternal RNAs and proteins [14] and their protection from degradation [15] ; a mode of cellularization that is specific to primordial germ cells [16] At this point, it remains unclear how Nos/Pum, Gcl and pgc RNA may suppress transcription in germ cells. As gcl also affects germ cell formation, it may act at an earlier stage than pgc and nos/pum. Nos and Pum function is not restricted to early germ cell specification, but is required throughout germ line development, suggesting that the primary role of these genes is to maintain germ cell identity. pgc RNA appears not to have roles at later stages of Drosophila germ cell development, suggesting that it may specifically target transcriptional silencing in germ cells. Judged by epistasis and expression studies, it seems most plausible that pgc, Gcl and the Pum/Nos complex define largely independent pathways. These pathways indeed highlight the unique control mechanisms that set apart germ cells from somatic cells: the distinct mode of germ cell formation (Gcl), the prominent role of translation for the regulation of gene expression in germ cells (Nos and Pum) and finally the impact of global transcriptional silencing on germ cell development (pgc).
Germ Cell Specification in Other Model Organisms
In Caenorhabditis elegans, zebrafish and Xenopus, germ cell specification also requires a specialized germ plasm that is synthesized maternally and characterized by large electron-dense particles containing RNA and protein (referred to as 'nuage', 'polar granules' or 'P granules') [5,18,50,51]. As in Drosophila, C. elegans PGCs are 
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Initiation of Migration and Transepithelial Migration
Upon formation, germ cells adhere to the future posterior midgut. While germ cells show little motility during blastoderm stages and gastrulation, two reports suggest that they may be actively prevented from migration at these stages. First, in heterochronic transplantation experiments Jaglarz and Howard [67] showed that germ cells transplanted from the cellular blastoderm into the midgut pocket were able to migrate through the midgut epithelium. Second, a recent report suggests that the Jak/Stat pathway activated by the Torso receptor tyrosine kinase may be involved in the continuous association of germ cells with somatic cells [68] 
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Alignment of Germ Cells with Somatic Gonadal Precursors and Gonad Coalescence
Having reached the mesoderm, germ cells associate with the somatic gonadal precursors, three bilateral clusters of mesodermal cells in parasegments 10-12 [87] . A fourth, sex-specific cluster, called male-specific somatic gonadal precursors is specified independently of the other three clusters and is formed in parasegment 13 in both males and females [88] (Figure 2 ). As development proceeds, the male specific precursors move anteriorly and are incorporated into the male gonad, while they are eliminated by cell death from the female gonad. This cluster expresses Sox100B, the homolog of Sox9, a gene essential for testis development in mammals raising the possibility that a conserved pathway controls gonad sexual dimorphism [88, 89] . Germ cells initially associate with the more posterior gonadal precursor clusters and then move anteriorly toward the most anterior cluster during germ band retraction (stage 12). As the germ band has fully retracted, the three clusters and the associated germ cells merge and finally compact into round gonads [85] . The morphogenetic movements that lead to gonad coalescence happen even in the absence of germ cells, suggesting that this process is controlled by the soma and not by germ cells [90] 
